UNCLASSIFIED 
AD  NUMBER 


AD161065 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Administrative/Operational 
Use;  MAR  1958.  Other  requests  shall  be 
referred  to  US  Army  Engineer  Research  and 
Development  Laboratory,  Fort  Belvoir,  VA 
22060. 


_ AUTHORITY _ 

USAERDL  ltr  18  Jul  1980;  USAERDL  ltr,  DoDD 
5200.20,  18  Jul  1980 


THIS  PAGE  IS  UNCLASSIFIED 


'r  v. 


\ 

\ 


EHERIL  CLASSiFICATION  SCHEDULE 
IN  ACCORDANCE  WITH 
. :■  SECURITY  PROGRAM  REGULATION 


DiiTEO  -  JULY  1972 


m  981.1  R  t  EXECUTIVE  BRIER  11852 
(iSESITHE  BRIER  11581  AMEKDEB) 


sy 

V 

Sslws*  Bisiiiititiii  Slater 
infill  sippir  Afiacr 
( .  %irra  Stitlu 
4l3««Vrii,  ffrilili  22314 


DISCLA1  AER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


THIS  REPORT  HAS  BF  DEUM  TEC 
AND  CLEARED  FOR  PU*I  IC  RE  LI  *5F. 
UNDER  DOD  DIRECTING  5200.2C  A*'l> 
NO  RESTRICTIONS  AK  IMPOSEI  UP'  *» 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATtKENT  A 

APPROVED  FOR  PUBI.i:  RELEASE; 
DISTRIBUTION  UNL  »  TED, 


V‘  /Hi  ♦%>  v‘v  w£J/*  W#*  V  V ^':V  :'V.* 

£«*£*  SwteV^. 

**£>£■ v  ' * "  ’■  '*  ***' 

.»*•  »^v  if  ■*■  **•  \‘ 


dm  ad  Services  Technical  Information  Agency 

ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


IOT1 

our 

tiOVI 

ro  r 
sov: 
*.tja 
n  -vx. 
p:r* 

V,«K< 


••  *HF.N  GOVERNMENT  OR  OYHEF  -ItA WINGS,  SPECIFICATIONS  OR  OTHER  DATA 
tD  FOR  ANT  PURPOSE  OTHER  THAI  V  CONNECTION  WITH  A  DEFINITELY  RELATED 
UMENT  PROCUREMENT  OPERATION,  T»‘.  Vi.  '  TVERNMENT  THEREBY  INCURS 
•POHSIBILITY,  NO*  ANY  OBLIGATION  Wfc*?  SEVER;  AND  THE  FACT  THAT  THE 
.  m ENT  MAY  RAVE  FORMULATED.  FURNBBl  OR  IN  ANY  WAY  5VPFUED  THE 
.(A WINGS.  SPECIFICATIONS,  OR  OTHER  DATA  U  wOT  TO  BE  REGARDED  BY 
AT  ION  OR  OTHERWISE  AS  Of  ANT  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
-  1  OR  CORPORATION,  OK  CONVEYDtt  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
t.SELL  ANY  PATENTED  INVENTION  THAT  MAT  IN  ANT  WAT  EE  RELATED  THERETO. 


MG?.? 

'*■—1  ? 


i  This  document  is  the  property  of  the  United  States 

Government.  It  is  furnished  lor  the  duration  of  the  contract  and 
i  shall  be  returned  when  ao  longer  required,  or  upon 

recall  by  A3T1A  to  the  following  address: 

Armed  Services  Technical  information  Agency,  Arlington  Ball  Station, 

Arlington  IS,  Virginia 

i  NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  A7FKC7INQ  THE 

I 

i  NATIONAL  LSFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 


OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  79' 


f  THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 

PROHIBITED  BY  LAW 

■■  '  ■  "i  i  mw  ' 


2, 


V.  S.  ENGINEER  RESEARCH  AND  DEVELOPMENT  LABORATORIES 

CORPS  OF  ENGINEERS 


Technical  Report  lJI'i-TR 


THE  VUI  HER ABILITY  OF  ENGINEER  VANS  TO  CHEMICAL, 
BIOLOGICAL,  AND  RADIOLOGICAL  WARFARE  (U) 


Project  8-12-75-001 


25  March  1953 


Distributed  by 
Ttie  Director 

U.  3.  Arty  Engineer  Research  and  Developoent  laboratories 

Corps  of  Engineers 


Prepared  by 

B.  J.  Ladner 
and 

W.  H-  Van  Horn 
Special  Projects  Branch 
Military  Engineering  Department 
i.  Army  Engineer  Research  and  Developoent  Laboratories 
Corps  of  Engineers 
Fort  BelYoir,  Virginia 


mmm 


£  '  * 

*  •  •  r 


e.y.v.v. 


If  there  1b  no  requirement  for  this  report, 
return  it  to: 

Comsanding  General 

U.  S .  Army  Engineer  Research  and  Development  Laboratories 
Fort  Belvoir,  Virginia 


\ 


,f;V 


.**>  ,v; 


PREFACE 


Work  on  this  project  was  conducted  under  the  authority  of 
Project  8-12-75-001  (S)  during  the  period  September  1956  to  October 
1957. 


The  Investigation  va6  auie  by  1st  Lt.  R.  0.  Evans,  Sp-3  J*  L. 
Tucker,  Sp-3  F.  F.  Gross,  Sp-3  B.  J.  Ladner,  and  W.  H.  Van  Horn. 

Work  was  done  under  the  supervision  of  John  G.  Levis,  Chief,  Techni¬ 
cal  Aralyels  Section;  Tfconas  G.  Walsh,  Chief,  Special  Projects 
Branch;  and  fl.  K.  Dickinson,  Chief,  Military  Engineering  Departnent 


Metro'iies  Associates  was  most  helpful  in  offering  guidance  and 
technical  ulvice  in  the  use  of  the  FP  technique. 
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SUMMARY 


Ibis  report  investigates  the  protection  offered  by  various 
Corps  of  Engineers  van  bodies  from  chemicax,  biological,  or  radio¬ 
logical  (CBR )  attack. 

leakage  into  the  vans  was  determined  by  subjecting  the  vans  to 
an  aerosol  of  zinc  -cadmium  sulfide.  A  correlation  between  simulant, 
leakage  and  actual  CBR  agents  is  drawn. 

Pressurization  of  the  vans  by  use  of  the  ventilating  systems 
and  the  effects  of  field  expedient  staling  were  investigated. 

The  report  concludes  that: 

a.  The  vans  offer  little  or  no  protection  against  newer  CW 
agents  and  only  limited  protection  aguinst  older  CW  agents. 

b.  Decontamination  of  the  vans  folio vl.g  a  CW  attack  would 
be  necessary  to  keep  damage  at  a  minimum  and  to  remove  any  hazard 
to  operating  personnel. 

c.  None  of  the  vans  offer  protection  against  EW  agents. 

d.  Decontamination  of  the  vans  following  a  BW  attack  would 
be  necessary  to  eliminate  or  reduce  the  hazard  to  personnel. 

e.  The  vans  offer  negligible  protection  from  radiation  from 
fallout  outside  the  vans. 

f.  Decontamination  of  the  vans  following  an  KW  attack  would 
be  necessary  to  remove  any  Inhalation  hazard  resulting  from  fallout 
which  might  leak  into  the  vans . 

g.  In  the  case  of  fallout,  decontamination  of  the  vans  in 
which  films  are  processed  would  be  necessary  to  protect  film  stocks. 

h.  Field  expedient  sealing  is  of  little  value;  limited  pro¬ 
tection  against  older  CW  agents,  however,  can  be  obtained  by  its  use 

i.  The  present  ventilation  system  is  able  to  produce  signifi¬ 
cant  pressurization  of  the  vans. 

J.  Minor  modification  of  the  ventilation  system  by  the  addi¬ 
tion  of  a  gas -particulate  filter  combined  with  additional  sealing 
around  openings  will  probably  provide  adequate  gas -proofing  for  the 
vans . 
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Category  C.  Protection  required,  for  vehicles  in 
which  operations  nay  be  suspended  temporarily. 

Category  D.  Protection  required  fcr  vehicles  in 
which  operations  may  W  suspended  temporarily  but  in  which  the  con¬ 
tents  must  be  protected  from  contamination. 

An  ERDL  memo  report  discueced  the  vulnerability  of  CE 
vans j  both  operationally  and  materially,  to  CBR  attack^/.  The  re¬ 
port  concluded  that,  in  general,  Category  D  protection  was  suffi¬ 
cient,  and  it  was  recommended  that  the  degree  of  protection  provided 
be  determined. 


II.  INSTIGATION 

3.  Site  and  Equipment.  Teots  utilizing  CE  vans,  fluorescent 
particle  (FP)  cloud  generation  and  sampling  equipment,  and  meteoro¬ 
logical  equipment  were  conducted  by  UGAERDL  personnel. 

a.  site.  The  only  site  available  for  the  tests  was  the 
northeast  comer  of  Demolitions  Range  One  of  the  Engineer  Proving 
Ground,  FOrt  Belvoir,  Virginia  (Fig.  1).  Hilo  site  is  an  open  area 
of  approximately  five  acres  bordered  by  trees.  A  small  gully  runs 
through  the  center  of  the  area. 
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Fig.  1.  An  aerial  view  of  the  t«Bt  cite  showing  vehicles  in 
position. 
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Fig.  2.  (1  to  r)  Water  purification  van,  expanded  engineer 

expansible  van,  shop  van  trailer,  nap  reproduction  van,  and 
expanded  camera  van  in  position. 


b.  Vans  and  Equipment  ■  Uoed  In  the  tests  were  proto¬ 
type  Corps  of  Engineers'  vans  of  the  following  types  (Fig.  2): 

Water  purification  va-,  U.S.A.  #1*1212337#  equipped 
vith  two  gasoline  heaters  whose  blowers  can  also  be  used  In 
ventilation. 

Caaera  van,  U.S.A,  #1*11121*83#  equipped  with  an  air 
conditioning  unit  (which  also  Bervec  as  a  ventilating  system)  and 
two  gasoline  heaters  of  the  same  type  as  those  In  the  water  purifi¬ 
cation  van. 

Map  reproduction  van,  U.S.A.  #1*1211*988,  equipped 
with  the  same  equipment  as  the  caaera  van. 

Engineer  expansible  van,  U.S.A,  #1*1214 975,  equipped 
vith  the  same  equipment  as  the  camera  van . 

Semi-trailer  shop  vac,  U.S.A.  #7A72<#S,  equipped  with 
the  came  equipment  au  the  camera  van. 


In  general,  chemicaln  used  In  water  purification  ax* 
stored  vithin  the  water  purification  van.  Operation  of  the  van 
could  be  carried  on  for  a  short  period  of  time  by  a  nan  dressed  in 
impregnated  protective  clothing,  gloves,  and  protective  mask. 


When  the  nap,  camera,  and  engineer  vans  are  in  oper¬ 
ation,  It  is  nrcessary  for  personnel  to  aove  sate rials  from  one  van 
to  another.  Operations  could  be  suspended  for  a  short  period  of 
time  during  an  attack. 
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c.  Fluorescent  Particle  Cloud  Generation  and  Sampling 
Equipment .  A  Metronlcs  Associates,  Inc.,  Model  T5  Aerosol  Generator 
(Fig.  3)  vu  used  to  generate  the  FP  cloud.  This  aerosol  generator 
consists  of  two  units,  the  aerosol  generator  and  the  control  panel. 
The  aerosol  generator  unit  includes  motor-blower,  nozzle,  and  drive 
assembly;  angle  frame  stand  with  trunnion  clamps;  and  feed  mecha¬ 
nism  with  feed  tube  (Fig.  k).  The  control  unit  has  an  installed 
control  panel  with  all  necessary  power  cables  (Fig.  3).  Electrical 
power  is  supplied  by  an  outside  110  v  A.C.  source. 
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Mg.  3-  The  ocrscol  gene  valor  unit  witn 
fr.cd  mechanism  and  feed  tube  attached. 
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Fig.  reed  mecha¬ 
nism  and  feed  tube. 
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Pig.  5.  The  control  unit  showing  power  cables  attached. 


The  FT  material  is  discharged  by  the  feed  r*  chan ism 
from  the  feeu  tube  Into  the  blower  as  a  continual  series  of  Incre¬ 
ments.  The  material  is  entrained  and  aerosoliied  by  the  rapidly 
accelerating  stream  of  air  passing  through  the  blower.  The  controls 
can  be  set  for  different  blower  or  feed -mechanism  speeds  to  control 
the  amount  of  FP  material  aerosol i*ed  during  any  time  period. 

Sampling  equipment  included  filter  holders  with  crit¬ 
ical  orifices,  which  regulated  air  flow  to  within  10)1  of  the  cali¬ 
brated  volume,  machined  by  Mi  111  pore  Corporation,  rubber  covers, 

Mi ill pore  AA  Black  Plain  one-inch  filters  and  pads  (Figs.  6  and  7), 
1/6-hp  Gast  Vacuum  Pumps,  Fischer  Scientific  Co.  laboratory  clamps, 
and  6 -feet -high  ring  stands.  Samples  were  collected  by  placing  the 
Mllllpore  filters  on  nutrient  pad  supports  in  the  filter  holders. 

The  filter  holders  were  then  attached  to  the  vacuum  puspe  by  swans 
of  £-lnch  rubber  hose  (Fig.  8).  As  air  was  drawn  through  the  filt¬ 
ers,  all  FP  particles  were  impinged  on  the  filters,  "luorsacent- 
particle -counting  equipment  included  two  model  rev -8  Bails  ch  and  Lomb 
microscopes.  This  model  is  equipped  with  a  mechanical  stage  which 
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Fig.  6.  Filter  holder  dismantled.  (1  to  r)  Rubber  cover, 
screv-down  lid,  hold-down  ring,  filter,  nutrient  pod  support, 
and  filter  holder  body. 
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Fig.  7*  Filter  holder  assembled. 

enables  the  viewer  to  scon  the  entire  slide,  10-  and  21-power  ob¬ 
jective  lenses,  and  5-power  eyepieces  equipped  with  reticles  in  the 
fon*  of  squares  of  known  size.  ViU  Corporation  Bloloid  glass 
mlcxoBCope  slides  were  used  as  mounts  for  the  contaminated  filters. 

General  Electric  (Model  H-100  BLb)  ultraviolet  bulbs 
were  mounted  in  American  Optical  Company  (Model  370)  mounts  to  pro¬ 
vide  illumination  of  the  microscope  and  slides.  Illumination  level 
was  kept  constant  by  use  of  General  Electric  (Model  h-M  transform¬ 
ers  in  series  with  Port ra tat  (Model  llG)  variable  transformers. 

Air  pressure  changes  inside  the  vans  were  recorded  by 
use  of  Stathaa  pressure  transducers.  These  Instruments  have  a 


Fig.  8.  Typical  sample  point  showing  filter  holder,  with 
rubber  cover,  attached  to  a  vacuum  pump. 


pressure  range  of  —  0.05  psid.  Each  transducer  was  connected 
through  a  Brush  (Model  BL-36O)  "Universal"  amplifier  to  a  Brush 
(Model  BL-222)  recording  oscillograph.  This  provided  a  continuous 
recording  of  the  signal  changes  caused  by  variation  of  the  differ¬ 
ential  pressure  at  the  transducer  location. 

Each  transducer  was  placed  within  a  van  and  connected 
to  a  static  outlet.  Th.'  outlet  was  provided  by  ■1-inch  aluminum 
tube  inserted  through  a  sealed  hole  in  the  van  wall  and  extending 
out  of  the  van  one  foot. 

Electrical  power  waB  supplied  for  vans,  sampling,  and 
meteorological  equipment  by  one  5-kw  and  one  10 -kv  generator;  power 
was  supplied  for  the  FP  generator  by  a  1-kw  generator. 

d.  Meteorological .  Two  Bendix-Friez  aerovane  systems 
were  used  to  record  wind  speed  and  direction.  The  Model  lhl  .  » - 
corner  is  a  2-element  recorder  that  simultaneously  produces  inked 


traces  of  wind  direction  and  speed  in  separate  earninels  an  a  con¬ 
tinuous  paper  chart.  Charts  may  be  run  at  r  ejx-ed  of  either  3 
inches  per  minute  or  3  inches  per  hour, 

Barometric  pressure  was  recorded  by  a  Bendlx-Frlez 
(Model  790-1)  microbarograph.  A  Bend  Lx -Frier  (Model  59*0  Hygro- 
Thenao graph  was  used  to  provide  a  continuous  record  of  free  air 
temperature  and  relative  humidity. 

Temperature  gradients  were  recorded  by  use  of  a  Fox- 
boro  Dynaiog  Differential  Temperature  Recorder.  This  unit  recorded 
differences  in  temperature  between  pairs  of  thermistors,  one  at  a 
height  of  6  feet  and  the  other  at  a  height  of  1  foot.  This  system 
continuously  records  up  to  three  measurements  on  one  circular  chart. 

4.  Methods .  After  various  methods  of  testing  for  leakage 
were  investigated,  it  was  decided  to  adapt  the  TP  technique  using  a 
zinc -cadmium  sulfide  simulant  (M  (5).  This  technique  has  been  ex¬ 
tensively  used  in  meteorological  and  toxicological  studies  by  the 
Chemical  Corps. 

a.  preliminary  Rims.  Two  preliminary  runs  were  made  to 
determine  the  spread  and  persistence  of  the  TP  material.  The  first 
of  these  runs  was  to  determine  the  spread,  of  the  FP  cloud.  Six  sam¬ 
plers  were  set  30  feet  apart  in  a  straight  line.  The  FP  generator 
vns  set  200  feet  upwind  cm  a  line  perpendicular  to  the  sampler  line 
and  was  run  for  5  minutes .  Samples  were  collected  over  a  30-minute 
period. 


As  a  result  of  thlB  run,  it  was  found  that  the  spread 
of  an  FP  cloud  which  could  be  expected  under  test  conditions  was 
greater  than  150  feet  at  a  distance  of  200  feet  downwind  from  the  FP 
generator. 


The  second  of  these  runs  was  made  to  determine  the 
persistence  of  an  FP  cloud  after  the  end  of  generation.  Six  samplers 
were  set  up  1  foot  apart.  The  FP  generator  was  set  200  feet  upwind 
and  was  run  for  5  minutes.  The  first  sampler  was  turned  on  at  the 
start  of  generation.  After  5  minutes,  the  second  sampler  was  turned 
on  and  the  first  was  tuned  off.  The  third  sampler  wae  turned  on  at 
the  end  of  10  minutes,  and  the  second  was  turned  off.  This  proce¬ 
dure  was  repeated  until  each  sampler  had  been  run  5  minutes  for  a 
total  time  of  30  minutes.  It  was  found  that  under  teBt  conditions 
the  FP  material  did  not  persist  for  more  than  five  minutes  afler  the 
end  oi  generation.  Resultr  of  the  preliminary  runs  are  contained  in 
Table  I. 


Table  1.  RenultB  of  Preliminary  Runs 


Spread  of  FP 

Material* 

Persistence  of  FF  Material** 

Sample  Point 

Raw  Count 

Sample  Point 

Raw  Count 

1 

60-9  x  10U 

1(0-5  min) 

3.1  x  10U 

2 

56.2 

2(5-10  min) 

>  O 

3 

M.5 

3(10-15  min) 

0 

u 

16.2 

>*(15-20  min) 

0 

5 

16.1 

6 

13.0 

*  Temperature  75°F*  2^  lapse;  relative  humidity  82^. 
»*  Temperature  J^T ,  2°  lapse;  relative  humidity  kgf. 


b.  Teat  Runs.  In  view  of  their  operating  conditions  and 
functions,  the  vans  were  tested  a a  follovs  to  see  vhat  the  effect  on 
the  degree  of  protection  offered  by  the  vans  would  be: 

(1)  While  vents  were  closed  and  ventilating  systems 

were  off. 

(2)  While  vents  were  closed  and  ventilating  systems 
vere  recirculating  air. 

(3)  While  rente  vere  open  and  ventilating  systems 

vere  off. 

(U)  While  vents  vere  open  and  ventilating  system 
vere  on  drawing  outside  air  to  check  the  pressurizing  capabil¬ 
ity  of  the  ventilating  system. 

(5)  With  van*  field  expedient  sealed. 

(6)  With  vans  in  expanded  position  at  the  start  of 
an  attack,  then  closed  during  attack  (Figs.  ?,  10,  11,  and  12). 

To  determine  leakage  into  the  ria  bodies,  six  vacuum 
pump  samplers  vere  placed  (In  a  hexagonal  pa  tern)  outside  and 
around  the  vans,  four  samplers  vere  placed  between  the  vans,  and  two 
samplers  vere  placed  within  each  van  (Fig.  13)*  These  vacuum  pumps, 
attached  by  rubber  hose  to  the  filter  holders,  drew  air  through  the 
Ml 111  pore  filters  at  a  rate  of  approximately  ten  liters  per  minute. 
Impinging  the  FP  material  on  the  filters  To  determine  concentra¬ 
tion,  the  number  of  FP  particles  on  each  * liter  was  counted,  and  the 
ratio  of  in Bide -to -out side  concentration  was  taken  to  determine  the 
extent  of  leakage. 
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Fig.  13«  Layout  of  the  teet  area. 
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Electrical  generators  were  started  at  the  beginning 
of  each  run,  and  all  aebeoro logical  instruments  were  turned  on. 
Readings  of  wind  velocity,  relative  humidity,  barometric  pressure, 
and  temperature  gradient  were  taken.  Smoke  grenades  and  helium- 
filled  balloons  were  used  to  determine  air  currents.  The  balloons 
were  weighted  to  float  at  a  height  of  6  to  10  feet.  After  the  wind 
direction  had  been  dete rained,  the  FT  generator  was  set  approximate¬ 
ly  200  feet  upwind  frost  the  center  of  the  field  and  filter  holders 
with  clean  filters  were  placed  In  position.  All  sampling  pumps  and 
the  FP  generator  were  started  simultaneously  at  the  beginning  of  the 
generation  period.  Hie  aero  vane  systems  were  also  turned  on  high 
speed  (3  inches /min)  at  this  time. 

The  FP  generator  was  stopped  at  the  end  of  the  gcnei- 
ation  period,  and  the  aerovsne  systems  were  tuned  on  low  speed  (3 
inches, 'hr) .  Ten  minutes  later,  the  outside  sampling  pumps  were 
turned  off  and  the  filter  holders  were  covered  and  collected.  From 
90  to  120  minutes  later,  the  inside  sampling  pumps  were  *-.wed  off 
and  the  f ! lT  r  holders  were  covered  and  collected.  All  meteorologi¬ 
cal  instruments  were  turned  off  at  the  same  time  as  the  inside 
sampling  pimps.  Wind  charts,  temperature  gradient  records,  hygro- 
thermograph  charts,  and  readings  of  barometric  pressure  were  col¬ 
lected  and  stored  to  be  analyred  later.  Test  run  data  is  contained 
in  Appendix  A. 


c.  Count! 
of  particles  on  each 
two  ultraviolet  lamps 


tgand  Adjusting  Counts.  Counting  the  n usher 
filter  mu  accomplished  with  a  microscope  and 
(Fig.  Ik) .  The  filter*  were  glued  with  rubber 


Fig.  Ik.  Equipment 
shown;  (1  to  r)  C£ 
transformer,  poueratat 
variable  transformer, 
ultraviolet  lamps,  and 
microscope . 
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with  uacontaainated  surfaces  of  the 
By  using  reticle*  of  known  site,  it 
a  relatively  Mali  nuaber  of  particles, 
ally  counted  ms  then  suit  1  plied  by  an 
he  ratio  of  the  area  seen  through  the 
the  filter  surface.  Heavily  eootaal- 
d  by  counting  ten  cr  acre  random  fields 
cles  was  counted.  A  traversing  tech- 
f  of  the  total  filter  surface  was  used 
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from  the  generation  point  through  the  field.  Four  assumptions,  j 

based  on  knowledge  of  FP  cloud  behavior,  were  then  made:  (1)  that  j 

the  FP  cloud  was  tear  shaped)  (2)  that  at  any  given  distance  from  j 

the  generation  point,  the  greatest  FP  concentration  would  be  found  | 

on  the  wind  direction  line)  (3)  that  concentration  decreased  as  j 

distance  from  the  generation  point  Increased)  end  (**)  that  any  | 

point  between  two  points  of  known  concentration  would  have  a  concen -  | 

tration  lying  between  that  of  the  two  known  points.  Other  points  J 

were  plotted  and  assigned  concentration  values  proportional  to  their  ! 

position.  Points  of  equal  concentration  were  then  connected  with  1 

contour  lines.  Concentrations  outside  the  vans  were  then  approxi¬ 
mated  using  the  concentration  of  the  nearest  contour,  it  is  be¬ 
lieved  that  the  concentration  of  a  point  can  be  •'etc rained  within  20 
percent  of  the  true  value.  This  makes  allowance  for  the  dropping 
out  of  highly  Inconsistent  data  points  on  the  part  of  the  person 
drawing  the  contours  and  for  hixnan  error  in  counting,  inside  con¬ 
centration  was  taken  as  the  average  of  the  two  inside  samples.  Fig¬ 
ure  16  is  a  typical  contour  plot  for  determining  FP  concentration. 

e.  Leakage  Values.  Leakage  values  were  computed  by  ek¬ 
ing  the  ratio  of  inside  concentration  to  outside  concentration. 

These  values,  given  in  table  II,  show  the  percentage  of  outside  con¬ 
centration  which  leaked  into  the  vans. 


Table  II.  Leakage  Values  (percent) 


A 

29.** 

30.1 

32.0 

52.6 

35.  A 

B 

57.5 

57.6 

57.6 

8lm5 

46.4 

C 

36  5 

50.0 

U3.6 

- 

30.6 

D 

7.9 

15.9 

- 

* 

16.C 

E 

2A.0 

28.8 

* 

* 

52.8 

7 

32.8 

AO.  7 

* 

- 

17.0 

C 

3**.l 

36.8 

25.8 

- 

29.1 

H 

- 

5.3 

1.0 

- 

1A.0 

I 

- 

10.0 

16.0 

9-1 

6y.7 

J 

* 

23.2 

26.9 

2.6 

63.7 

L 

- 

17.6 

- 

- 

- 

M 

- 

39.6 

28.0 

m. 

It 

33.2 

42.0 

A9.2 

26.0 

93.0 

0 

12.7 

10.1 

AC. A 

40.6 

25.1 

P 

23.5 

97-7 

41.7 

42.3 

26.0 

4 

58.0 

33.9 

40.1 

60.2 

93.0 

R 

• 

66.1* 

8.0 

«p 

• 

Contour  lints 
(PsrtlcUs/fllUr) 

-  -  •  *  JJO.OOO 

.  4 >0.000 

_ . _  800,000 

_  1,300,000 


Mm  4U*»CU<mi  Uiw 


Fig.  36.  Contour  plot  for  Run  A 


CONFIDENTIAL 


IT 


5.  Preec  uriiatlon .  Pressuri ration  of  the  vans  by  use  of  the 
ventilating  systems  vas  attempted  during  three  rune.  Transduce re 
were  used  to  record  pressure  changes.  One  run  vas  sale  with  the 
ventilating  systesa  recirculating  air,  and  negligible  pressures 
were  recorded  ns  was  expected.  The  two  other  runs  were  node  with 
the  ventilating  systeas  drawing  outside  air.  Significant  pressures 
were  recorded  during  these  runs  In  the  map  reproduction  and  camera 
vans.  !legiiglblr  pressures,  probably  caused  by  air  escaping  through 
open  heater  outlets,  were  recorded  In  the  water  purification  and  en¬ 
gineer  expansible  vans. 

It  has  been  determined  in  previous  work^)  that  the  pres¬ 
sure  differential  that  must  be  maintained  to  prevent  leakage  Into  a 
building  snould  be  0.19&  inch  of  water  (O.O36  pel)  above  the  average 
pressure  on  the  outBlde  wall. 

6.  Correlation  to  CBF.  The  following  paragraphs  discuss  the 
correlation  ot  FP  counts  to  the  determination  of  CV,  BW,  and  RW 
agents . 


a.  Chemical  Warfare  (CW).  To  arrive  at  the  equivalent 
CW  agent  dosages,  the  FP  counts  were  treated  In  the  following  manner: 

Let  the  FP  count  rtpie  si  do sage  in  particle  minutes 
per  liter.  Dosage  can  be  expressed  as  total  psu  nicies,  or  as  a 
product  of  the  concentration  times  the  time  (particle-mlnutes/llter). 
Since  there  are  1012  particles  per  *»&  grams  of  FP  material,  it  can 
then  be  said  that  a  given  count  of,  for  instance,  200,000  is: 

200,000  particle-minutes/liter/1012  particles.  Sub¬ 
stituting  micro  grams  (jug)  for  particles: 

200,000  fig  minutos/liter/lO12  fig,  but  1012  fig  «  10^  g  * 

1000  Kg. 


Dividing  by  1000: 

2oC  fig  min/liter/Kg 
but  fig/1  «  mg/m  3 
or  200  mg  min/m^/Kg 

This  represents  a  chemical  agent  dosage  of  200  mg  mlc/m^  for  each 
kli/igram  of  agent  dispersed. 

The  dosages  received  inside  the  vans  are  considered 
Incapacitating  for  most  CW  (HD,  KN,  L,  MD )  agents  and  lethal  do eager 
for  C  and  V  agents.  It  snould  also  be  kept  in  mind  that  dosages  In 
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these  tests  were  small,  comparable  to  the  detonation  of  one  2.2- 
pound  chemical  bomb let.  Dotages  many  times  those  obtained  in  these 
tests  can  be  attained  in  the  field  with  conventional  CW  munitions. 
Since  the  dosages  received  inside  the  vans  were  very  high  when  com¬ 
pared  with  outside  dosages,  It  5s  concluded  that  LD50  dosages  of  all 
CW  agents  would  penetrate  the  vans.  Table  111  gives  the  calculated 
dosages  received  inside  the  vans,  and  Table  IV  compares  dosages  of  a 
few  typical  CW  agents. 

Table  III.  Chemical  Agent  Dosages 
(mg  mln/m^/Kg)  Inside  Vans 


Trial 

Water 

Purification 

Engineer 

Expansible 

Camera 

Chop 

A 

103 

181 

481 

421 

531 

B 

230 

288 

815 

760 

418 

C 

231 

225 

109 

138 

D 

95 

319 

- 

241 

E 

144 

130 

m 

486 

F 

82 

285 

m 

63 

0 

205 

368 

129 

262 

H 

8 

2 

20 

I 

* 

181 

160 

73 

1046 

J 

• 

406 

1279 

59 

1»*35 

L 

m 

442 

m 

m 

r*. 

M 

- 

992 

336 

m 

* 

N 

399 

835 

122 

78 

1395 

0 

102 

152 

708 

406 

440 

P 

376 

2199 

1669 

647 

m 

Q 

38 

679 

289 

722 

£792 

R 

- 

864 

72 

- 

s* 

Table  IV.  Comparison  of  Dosages  of  Typical  CW  Agents 


CW  Agent 

Dosage  mg  min/ai) 

Incapacitating 

CG 

3,200 

1,600 

HD 

1,500 

200  by  eye 

GB 

200 

50 

V 

<GB 

<ca> 

It  is  significant  that  TP  dosages  inside  the  vans  were  above  200 
ag  ain/a-l  over  60  percent  of  the  time. 
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Since  cone  gases  (CG,  CK)  are  corrosive  to  metals, 
decontamination  aunt  take  place  within  a  very  short  time  following 
attack  by  three  agents  in  order  to  keep  daaage  at  a  minimal.  in 
addition,  persistent  agents  would  be  hazardous  to  operating  person¬ 
nel  .  Operation  of  the  vans  would  be  unable  to  proceed  before 
decontamination . 


b.  Biological  Warfare  (BW).  The  FT  counts  correlate  di¬ 
rectly  to  BW  agent  dosages,  since  {infectious  dosages  depend  only  on 
the  number  of  organisms  contacted. 

"Infectious"  dosages  of  most  BW  agents  were  received 
In  all  trials.  The  lethal  dosage  for  anthrax  is  estimated  at  20,000 
organisms  by  thr  respiratory  route.  For  tularemia,  840  organisms 
are  the  estimated  Infectious  respiratory  dosage,  in  virtually  all 
trial i,  the  occupants  of  the  vans  received  greater  than  a  lethal 
dose  for  anthrax  (see  Table  V),  and  the  dosage  received  was  above 
that  for  tularemia  in  all  cases .  It  is  apparent  that  infectious 
dosages  would  have  been  received  from  any  BW  agent  which  can  be 
transmitted  by  aerosols. 

Since  BW  agents  may  survive  for  some  time,  decontami¬ 
nation  would  be  necessary  In  order  to  eliminate  or  reduce  the  hazard 
to  per  onnel.  The  extent  of  decontamination  necessary  would  vary 
with  the  type  of  agent  and  level  of  contamination. 

Table  V.  BW  Dosages  Inside  Vans  Tested  (Organisms) 


Trial 

- - 

Pur’flcatlon 

Engineer 

Expansible 

Camera 

Map 

Shop 

A 

103,000 

181,000 

481,000 

421,000 

531,000 

B 

230,000 

288,000 

815,000 

760,000 

418,000 

r* 

231,000 

225,000 

109,000 

- 

138,000 

D 

95,000 

319,000 

* 

241,000 

E 

144 ,000 

130,000 

- 

- 

486,000 

F 

82,000 

285,000 

- 

m 

68,000 

0 

205,000 

368,000 

129,000 

- 

262,000 

H 

- 

8,000 

2,000 

- 

28,000 

I 

- 

181,000 

160,000 

73,000 

1,046,000 

J 

* 

406,000 

1.279,000 

59,000 

1,435,000 

L 

- 

442,000 

- 

- 

• 

M 

- 

992,000 

336,000 

- 

• 

it 

399,000 

835,000 

122,000 

78,000 

1,395,000 

0 

102,000 

152,000 

708,000 

406,000 

440,000 

F 

376,000 

2,199,000 

1,669,000 

547,000 

391,000 

Q 

923,000 

679,000 

289,000 

722,000 

2,792,000 

F 

864,000 

72,000 

• 
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c.  Radiological  Warfare  (KW)».  In  order  to  correlate 
the  FP  trials  to  radioactive  fallout,  the  areas  in  which  5,000,000 
or  nore  particles  per  filter  were  recovered  were  measured.  This 
area  averaged  about  15,000  square  yards.  A  fallout  of  UO  grass  per 
15,000  square  yards  Is  equivalent  to  a  contamination  of  2.7  *  10~* 
grass  per  square  yard.  Since  fission  product  fallout  of  20  grass 
per  square  yard  over  an  infinite  area  gives  a  dose-rate  of  approxi¬ 
mately  1000  r/hr  at  H  +  1  hour,  a  fallout  of  2.7  x  10'^  grass  per 
square  yard  over  an  Infinite  ares  will  give  s  dose-rate  of  0.13  r/hr 
at  H  +  1  hour.  This  dose-rate  will  result  in  a  total  dose  of  0.62r 
fros  H+lhrtoH  +  10  weeks,  a  dosage  far  below  the  accepted  AEC 
peacetime  level.  However,  actual  fallout  near  a  nuclear  detonation 
would  approach  a  dose -rate  of  1000  r/hr  at  H  ♦  1  hr,  resulting  in  a 
10-day  dosage  of  about  5500r.  A  lead  or  steel  r-hield  with  a  thick¬ 
ness  many  tines  the  thieVneer.  of  the  van  wall  would  be  needed  to 
effectively  protect  personnel  from  *vas w*  radiation  from  fallout  out¬ 
side  the  vans.  Decontamination  of  the  area  tv  rvmval  of  the  vans 
to  a  clean  area  would  be  necessary  under  these  high  contamination 
levels  to  adequately  protect  operating  personnel  fros  external  radi¬ 
ation.  Decontamination  oi  the  vans  would  be  necessary  to  reaove 
fallout  which  sight  have  leaked  into  the  vans  creating  an  inhalation 
hazard  to  personnel. 

It  has  been  found  by  testa  at  operation  PLUNBBOB  that 
the  photographic  fils  used  in  topographic  units  is  relatively  insen¬ 
sitive  to  gssas  radiation.  Experience  by  fils  Manufacturers  indi¬ 
cates  that  incorporation  of  alpha  or  beta  emitters  into  fils  or  de¬ 
velopers  will,  because  of  the  close  proxlalty  of  the  esd.tter»  and 
their  ionizing  potential,  readily  fog  fils.  It  appears  that  com¬ 
plete  decontamination  of  vans  Is  which  films  are  processed  would  be 
necessary  to  protect  film  stocks. 


m.  DI6CUS3I0H 

7.  Parameters.  Comparing  leakage  values  of  the  different 
trials  gives  s  basis  for  stating  Cat  neither  wind  speed  nor  temper¬ 
ature  gradient  have  much,  if  any,  effect  on  leakage  into  the  vans. 
Leakage  values  of  trials  "R"  and  "I"  are  somewhat  lower  than  values 
for  the  other  trials.  This  seems  to  show  that  sealing  the  vans  by 
using  masking  tape,  cardboard,  or  other  field -erpedient  means  was  of 
limited  usefulness  In  reducing  leakage.  The  leakage  reduction 
caused  by  field-expedient  sealing  was  not  great  enough  to  give  added 
protection  from  BV  or  newer  CV  agents,  but  limited  protection  from 
low  concentrations  of  older  CV  agents  can  be  obtained  by  sealing. 


•  HW  is'  used  here  In  tie  sense  oF  radioactive  fallout  created  by 
an  atomic  detonation. 
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Closing  any  expanded  vans  at  the  onset  of  an  attack  seeas 
to  have  no  effect  on  leakage.  With  actual  CW  or  BW  agents,  the  at¬ 
tack  may  be  well  under  way  or  even  ended  before  the  agent  lc  detect¬ 
ed.  JHnce  no  apparent  additional  protection  is  afforded  by  closing 
the  vans,  they  nay  remain  expanded  unless  they  are  to  be  moved  fro  "a 
the  area. 


iv.  concajsmns 

8.  Conclusions.  It  Is  concluded  that; 

a.  The  vans  offer  little  or  no  protection  against  newer 
CW  agents  and  only  limited  protection  against  older  CW  agents . 

b.  Decontamination  of  the  vans  following  a  CW  attack 
would  be  necessary  to  keep  damage  at  a  r'nlmum  and  to  remove  any 
hazard  to  operating  personnel. 

c.  None  of  the  vans  offer  protection  against  BW  agents. 

d.  Decontamination  of  the  vans  following  a  BW  attack 
would  be  necessary  to  eliminate  or  reduce  the  hazard  to  personnel. 

e.  The  vans  offer  negligible  protection  from  radiation 
from  fallout  outside  the  vans. 

f .  Decontamination  of  the  vans  following  an  KW  attack 
would  be  necessary  to  remove  any  Inhalation  hazard  resulting  from 
fallout  which  might  leak  Into  the  vans. 

g.  Decontamination  of  vans  in  which  films  are  processed 
would  be  necessary  to  protect  film  stocks. 

h.  Field  expedient  sealing  is  of  little  value;  limited 
protection  agalnBt  older  CW  agents,  however,  can  be  obtained  by  ltB 
ure. 


I.  The  present  ventilation  system  It  able  to  cause  sig¬ 
nificant  pressurization  of  the  vans. 

J.  Minor  modification  of  the  ventilation  system  by  the 
addition  of  a  gas -particulate  filter  combined  with  additional  seal¬ 
ing  around  openings  will  probably  provide  adequate  gas-proofing  for 
the  vans . 
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TEST  RUN  DATA 


Run  A 

Date  and  tls«:  26  Sep  56,  1030  Vln>l  speed  sad  direction:  6  nph , 

RE 

Relative  Humidity:  80>  Barometer:  29.9  in.  Temperature.  58.2°, 

0,5°  in version 

r.P.  Releasor  42.2  gem  Cloud  cover:  75 i  Visibility:  Good 

Conditions:  Ventilation  systeas  ofi .  Vents  open.  Doors  and  windows 
closed.  Caaera  van  and  engineer  expansible  van  expanded. 

Outside  Inside 

Generated;  30  minutes  Staples  run;  4&  minutes  126  minutes 


Sample  point 

Raw  Count 

Count  Adjusted* 

1 

45. 6  x  10** 

43.2  x  10* 

2 

11.1 

10.5 

3 

14.0 

13.3 

4 

214.9 

207.7 

5 

121.1 

114.8 

6 

58.0 

55.0 

7 

45.2 

42.8 

8 

37.2 

35.3 

9 

153-4 

145.4 

20 

104,9 

99.4 

11 

11,2 

10.6 

12 

10.4 

9.9 

13 

20.1 

19.0 

14 

18.3 

17-3 

15 

54.2 

51.4 

16 

47.4 

44.9 

17 

43.1 

40.9 

IB 

45.7 

43.3 

19 

63.I 

59-8 

20 

49.O 

46.4 

*  Corrected  to  It)  ilter/ainute  air  flov  an2  W)  gram  sourceT 
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Date  and  time:  2  Oct  5°»  1030  Wind  speed  and  direction:  k  atph,  8W 

Relative  hualdity:  8k -60}  Barone  ter:  29.8  in.  Temperature;  6k°, 

2°  inversion 

P.P.  Released:  3^*8  gat  Cloud  cover:  50fi  Visibility:  Pair 

Conditions :  All  ventilation  syrtene  off.  Vents  open.  Lights  on. 

Doors  and  windows  closed.  Blackout  covert  in  place. 
earner*  ran  and  engineer  expansible  van  expanded. 

Outside  Inside 

Generated:  30  minutes  Sample 3  run:  WolsinutVa  125  minutes 


Staple  Point 


Raw  Count 


Count  Adjusted 


1 

39*3  *  10* 

k5.1  x  10* 

2 

15*9 

18.3 

3 

25.7 

29.5 

k 

5k  .k 

62.5 

5 

72.1 

82.8 

6 

13^*5 

15^.5 

7 

33.0 

37.9 

8 

k5.k 

50.0 

9 

69.9 

00.3 

10 

112.1 

128.8 

11 

20.2 

23.2 

12 

19.9 

22.8 

13 

27-k 

31. 

lk 

23.2 

26.6 

15 

71.3 

ex.? 

16 

70.7 

81.2 

17 

66.  k 

76.3 

18 

66.0 

75.8 

19 

30.1 

3*>.5 

20 

k2.9 

k9.2 

27 


Rua  C 

Date  «nu  tine ■  3  Oct  56,  1400  Wind  speed  and  direction:  2  apt), 

3V-NV 

Relative  humidity:  39*  Barometer:  29-8  in.  Temperature :  75*5°, 

4°  lapse 

F.P.  Released;  Vj.Z  S«  Cloud  cover;  50*  Visibility:  Excellent 

Conditiona:  All  ventilation  systems  off.  Vents  closed.  Camera  van 
engineer  expansible  van  expanded.  Blackout  covers 
la  place . 

Outside  Inside 

Generated;  JO  minutes  Samples  run:  1*0  minutes  120  minutes 


Sample  Point 

Raw  Count 

Count  Adjusted 

1 

1*1.2  x  1C1* 

40.8  x  101* 

2 

54.1 

53.6 

3 

30.2 

29-9 

1* 

19.6 

19.4 

5 

22.6 

22.4 

6 

35.1* 

35.1 

7 

57-6 

57.1 

8 

56.2 

55.7 

9 

27.6 

27-3 

10 

33.2 

32.9 

11 

23.7 

23-5 

12 

23.1 

22.9 

13 

22.2 

22.0 

1*» 

23.3 

23.1 

15 

11.8 

11.7 

16 

10.2 

10.1 

17 

3.3 

3-2 

18 

0.3 

0.2 

19 

14.0 

13.8 

1*0 

•-  -J 


Run  D 

Sate  and  tl»f:  5  Oct  56,  0900  Vlad  speed  sad  direction;  k  mph,  M 

Relative  humidity.  83. Baroaeter:  30.0  la.  'Reapers ture ;  63°, 

1.3°  lapse 

r.P.  Released;  #1.6  gm  Cloud  cover:  75^  Visibility:  Good 

Conditions:  All  ventilation  systems  off.  Vesta  closed.  Caaera  van  and 
engineer  expansible  van  expanded.  Blackout  covers  in  place  • 

Outside  Inside 

Generated:  5  Minutes  Saaples  run:  1?  minutes  96  minutes 


Saaplc  Poir.t 

Raw  Count 

Cowt  MJusted 

1 

71.3  x  10* 

68.5  x  id* 

Z 

7^.6 

71.6 

3 

lfiO.O 

172.9 

k 

2k  1.9 

232.* 

5 

ko.3 

38.7 

6 

39.2 

37.6 

7 

153.5 

1*»7.5* 

8 

168.2 

161.6 

9 

69.2 

66.5 

10 

52.C 

»»9.9 

11 

11.8 

11.3 

12 

3.2 

7.8 

13 

35.8 

3k.k 

lk 

30.6 

29-k 

* 

19 

21.8 

20.9 

20 

28.7 

27.5 

•  Counts  not  taken  '/ter  sample  "points  15 -lb. 


Date  sod  time:  8  Oct  56,  0$00  Wind  speed  sad  dire '■♦ion:  3  tspti,  sw 

Kelmtive  humidity:  58^  Barometer:  30.03  in.  Temperature :  65°, 

4°  lapse 

F.r.  Released:  48.6  gas  Cloud  cover:  Of  Visibility:  Excellent 

Conditions:  Ventilation  systeae  off.  Vents  closed.  Camera  van  and 
engineer  expansible  van  expanded.  Blackout  covers  In 
place. 

Outside  Inside 

derated;  3  minutes  Samples  run:  15  minutes  90  minutes 


Sample  Point 


Raw  Count 


Count  Adjusted 


162.2  x  10 


133.4  x  10 


•  Counts  not 


it.  for  sasm. 
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Run  r 

Date  and  time:  10  Oct  56,  1100  Vlad  speed  and  direction:  k  uph,  JflS 

Re  la  ti  Ye  huaidity;  51^  Barometer:  30.29  la.  Temperature:  60°, 

2°  lapse 

F.P.  Released:  WW  5  gme  Cloud  cover:  Ci  Visibility,  excellent 


Conditions ;  AH  ventilating  systems  were  set  to  recirculate  air  with¬ 
in  the  vans  and  were  run  during  the  entire  test.  Trans¬ 
ducers  were  used  to  record  pressure  changes.  Camera  van 


and  engineer  expansible  van  expanded. 

Pressures  (psi):  Location 

Peak 

Average 

Hap  van 

+0.0010 

-0.0012 

Shop  van 

+0.0017 

-0.0012 

water  purification 

•*0.0050 

+0.0012 

Engineer  expansible 

+O.OOW5 

+0.0010 

Outside 

Inside 

Generated:  30  minutes  Samples  run: 

Wo  minutes 

120  minutes 

Sample  Point 

Raw  Count 

Count  Adjusted 

1 

29-1  x  10U 

26.1  x  IQ* 

2 

W5.8 

Wl.l 

3 

11W.3 

102.7 

W 

51.5 

W6.2 

5 

2W.0 

21.5 

6 

20.0 

17.9 

7 

38.3 

3W.W 

8 

50.0 

WW.9 

9 

26.9 

2W.1 

10 

27.1 

2W.3 

11 

11.0 

9-8 

12 

7> 

6.6 

13 

33.7 

30.2 

1W 

30.0 

26.9 

• 

19 

3-2 

2.6 

20 

12.1 

10.9 

*  Counts'  not  takes  /or  ssaple  points  13-Id 


Date  and  timet  12  Oct  S6,  10 30  Wind  speed  ud  direction:  5  aph, 

HUE 

Relative  humidity:  61*-390  Barometer:  30. k  in.  Temperature:  56°, 

2°  Inversion 

F.P.  Released:  1*3.2  gas  Cloud  cover:  0^  Visibility:  Good 

Co-id  It  ions:  All  coed  It  Iona  seme  as  for  Run  F. 

Outside  Inside 

Generated:  30  minutes*  Samples  run:  1*5  minutes  120  minutes 


Sample  Point 


Raw  Count 


Count  Adjusted 


**s.6  *  ixr 


1*2.2  x  10 


due  E  of  field  due  to  wind  shift. 

•*  Counts  not  taken  for  sample  points  1?  and  18. 


Pate  end  time;  15  Oct  $6, 
Relative  humidity:  3<* 

F, P.  Released:  25.5  6»a 


1000 


Wind  speed  and  direction;  0-1  mph 


ME 

Barometer;  30.2  in.  Temperature;  62. 5°, 

lc  lapse 

Cloud  cover:  0* **  Visibility:  Good 


Conditions:  linglneer  expansible,  camera,  and  map  reproduction  vans 
“ere  field  expedient  sealed  with  masking  tape.  All 
cracks,  Joints,  and  openings  were  sesded  except  tor 
windows  and  1  door  of  each  van.  Ventilators  on  the 
engineer  expansible  van  were  covered  with  cardboard  and 
side  vent  covered  on  camera  van.  Shop  van  was  expanded, 
and  side  curtains  were  put  on  and  closed  as  tight  as 
possible. 

Outside  Inside 

Generate!;  31  minutes  Samples  run*.  40  minutes  120  minutes 


Baicple  Point 

Raw  Count 

Count  Adjusted 

1 

10.7  X  10U 

16.7  x  10U 

2 

9.3 

14.5 

3 

0.2 

12.8 

4 

9.0 

14.1 

5 

14.1 

22.1 

6 

4.8 

7-5 

7 

9.8 

15*3 

6 

n  4 

17-8 

9 

10.5 

16.4 

10 

4.9 

7.6 

# 

13 

0.4 

0.6 

i4 

0  7 

1.0 

15 

0.2 

0.3 

16 

#* 

0.1 

0.1 

19 

2.1 

3.2 

?0 

1.6 

2.5 

*  Counts  not  taken" for  sample  points  11  and  12. 

**  Counts  not  taken  for  sample  points  17  and  18. 
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Run  1 

Date  and  tine:  17  Oct  56,  0930  Wind  speed  and  direction:  2  mph,  if 

Relative  humidity:  78jt  Barometer :  30  In.  Temperature:  64.5°, 

0.5°  Inversion 

F.P.  Released;  1*2.0  g*us  Cloud  cover:  100%  Visibility:  Good 
Conditions;  All  conditions  same  as  for  Run  H. 

Outside  Inside 

Generated;  30  minutes  Samples  run;  1*6  minutes  120  minute* 


Sample  Point 

Raw  count 

Court  Adjusted 

At 

105. U  x  10U 

100.3  x  10U 

2 

59-8 

56.9 

3 

1U7.1 

11*0.0 

U 

252.9 

240.7 

5 

89.6 

85.2 

6 

67.2 

63.9 

7 

136.5 

129.9 

8 

119.3 

113.5 

9 

113.3 

107.8 

10 

41 

116.1 

U0-5 

13 

18.6 

17.7 

ll* 

19.8 

18.8 

15 

U.9 

U.3 

16 

21.8 

20.7 

17 

9.8 

9.3 

18 

5.6 

5.3 

19 

111.1 

105.7 

20 

108.9 

103.6 

*"  Counts  not  ta£en  for  sample  points  uL  and  12 


34 

Run  J 

Date  and  tlse:  19  Oct  56,  0100  Vlad  speed  and  directions  2  *ph,  R 

Relative  nualdlty:  90£  Baroarter:  30  1a.  Teapermture :  57. 5°, 

2°  Inversion 

F.P.  Released*.  41.6  gu  Cloud  cover:  750  Visibility:  Good 
Conditions:  Expansible,  camera  and  shop  vans  expanded. 

Outside  Inside 

Generated:  30  ninutes  Saaples  run:  40  minutes  120  'minutes 


be  point 

Pav  count 

Court  Adjusted 

1 

96.7  *  iok 

9e.9  a  10U 

2 

23.4 

22.4 

t 

41.2 

39.5 

4 

108.1 

103.8 

5 

520.8 

500.4 

£ 

201.1 

193.2 

7 

108.1 

103.8 

8 

156.8 

150.8 

9 

433.4 

416.4 

10 

# 

276.8 

£66.0 

13 

41.9 

40.2 

14 

*2.8 

4l.l 

15 

ISC.*: 

lj>».5 

16 

126.4 

121.4 

17 

8.4 

8.0 

18 

4.0 

3.8 

19 

135.2 

129.9 

20 

163.6 

157.2 

Test  r<? suite  not  retained  fur  records  due  to  weather  difficulty. 
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Bun  L 

Date  and  time:  ?4  Oct,  56,  0930  Wind  speed  and  direction:  4  aph, 

NE 

Relative  humidity:  100^  Barometer:  29.5  in*  Temperature:  64.7°, 

1.1°  inversion 

F.P.  Released:  17.8  gas  Cloud  cover:  100^  Visibility:  Poor 

Conditions:  Expansible  and  caaera  vads  were  only  ones  tested,  vans 
in  expanded  position  at  start  of  run.  After  5  minutes 
generation,  vans  were  closed.  Generation  continued  an 
additional  5  minutes  following  closing.  (Time  to  close 
vans:  camera,  25  seconds j  expansible,  2  minutes  8  seconds.) 
Sempling  time  was  limited  to  13  minutes  due  to  rain. 

Outside  Inside 

Generated:  12  minutes  Samples  run:  lj  minute  a  13  minutes 


/ 


•* 


Sample  Point 

Raw  Count 

Count  Adjusted 

1 

U3.0  x  10U 

96.6  x  10U 

2 

40.6 

91.2 

3 

162.6 

365.3 

4 

125.0 

280.8 

5 

22.7 

51.0 

6 

25-3 

56.8 

7 

65.I 

146.2 

8 

57.5 

129.2 

5 

46.1 

103.5 

10 

37.5 

84.? 

13 

21.4 

48.0 

14 

18.0 

40.4 

15** *** 

0.6 

1.3 

16** 

0.8 

1.7 

m 

**  When  count  was  taken,  it  was  discovered  that  there  was  clgaret 
smoke  in  the  caaera  van;  runs,  therefore,  were  not  considered 
in  results  for  caaera  van. 

***  Counts  not  taken  for  sample  points  17-80. 
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Run  M 

Date  and  tiae:  25  Oct  56,  0925  Wind  speed  and  direction;  2  aph,  It 

Relative  huaidity;  6 df,  Barometer:  30.36  Ln.  Tempera  tore :  49.5°, 

1.0°  lapse 

F.F.  Released;  61.5  gas  Cloud  cover:  O^t  Visibility:  ’ixcellent 

Conditions ;  All  conditions  seas  as  Run  1.  (Tiae  to  close  vans; 

camera,  16  seconds;  expansible,  2  minutes  30  seconds.) 

Outside  inside 

Generated:  12.5  minutes  Samples  run:  22.5  minutes  22.5  minutes 


Sample  Point 

Raw  Count 

Count  Adjusted 

1 

195.6  r  10U 

127-1  x  10U 

2 

114.9 

74.6 

3 

40.1 

26.0 

4 

632.2 

410.9 

5 

132.2 

65. 9 

6 

176.7 

114.8 

7 

240.0 

156.0 

e 

316.2 

206.8 

9 

244.3 

156.7 

10 

383-9 

249.5 

13 

153.3 

99*6 

1U 

152.3 

96.9 

15 

60.4 

39.2 

16 

43.2 

28.  C 

#» 

•  counts  not  taken  ter  sample  points  11  and  12. 
*»  Counts  not  taken  fur  b ample  points  17*20. 


1000 


Date  and  tie?:  29  Oct  $6, 


Wind  speed  and  direction:  0-2  mph, 

KE 


Relative  hiaildlty: 
P.P.R? leased:  *+7.8  pi 


Barometer:  33  in. 
Cloud  cover:  100£ 


Temperature;  55. 5°, 
0.6°  Lapse 
Visibility:  Poor 


3 


Conditions:  All  ventiimtln*  systems  were  set  to  draw  outside  air)  * 

blow?  ffcns,  hove  re  r,  were  not  turned  oa.  Shop  van  was 
only  vac  in  expanded.  Very  alight  misty  rain  fell  dur-  | 

log  test)  outside  sample.,  therefore,  sere  taken  upeide 

dovn .  * 

I 

Outside  Inside  j 

Generated:  30  minutes  Samples  run:  16  minutes  126  minutes 


Sample  Point 

Rav  Count 

Count  Mounted 

■m. 

132.2  x  10* 

110.1  x  lO^ 

2 

123.0 

106.1 

3 

171. s 

1U3.1 

1 

idy.T 

156.5 

5 

30.3 

25.2 

6 

16.3 

38.5 

7 

150.6 

125.1 

8 

175.0 

1*5-7 

9 

21.5 

17.9 

10 

26.2 

21.8 

U 

53.8 

U.8 

12 

12.2 

35.1 

13 

8e.l 

68.6 

11 

118.2 

#.* 

15 

15.8 

13.1 

16 

13.7 

11.1 

17 

9*5 

7.9 

18 

9> 

7.8 

19 

158.2 

131.7 

20 

177.0 

H7.1 
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Run  0 

Date  and  tine;  30  Oct,  i  Nov  56,  0515  Wind  speed  and  direction; 

2  mph,  H 

Relative  humidity;  ‘/Jf  Barometer;  29.9  in.  Temperature ;  &*.l  , 

1.5°  Inversion 

K.P.  Released;  37-2  gas  Cloud  cover;  100^1  Visibility;  poor, 

foggy 

Conditions:  All  ventilating  systems  were  set  to  draw  outside  air  and 
turned  on.  Transducer  165  was  transferred  froa  chop  van 
to  camera  van.  (See  Run  F. ) 


Pressures 

(Fcl): 

location 

Peak 

Average 

Map  van 

Caaera  van 

Water  Purification 
Engineer  evnuosible 

0.0620 

0.0170 

0.0030 

o.ooco 

O.05U 

0.012 

0.00G* 

0.0002 

Generated ; 

28  minutes  Samplea  run: 

uutside 

30  minutes 

Inside 

30  minutes 

Sample  point 

Raw  Count 

Count  Adjusted 

i 

32.7  x  10U 

35.1  *  101* 

2 

17.9 

19.2 

3 

t6.9 

50> 

U 

276.1 

296.8 

5 

IU3.8 

151*. 5 

6 

5U.8 

5«.9 

7 

90.7 

97-5 

8 

90.2 

96.0 

9 

160.2 

172.2 

10 

116. 5 

125.2 

11 

10.0 

10.7 

12 

9.1 

9.7 

13 

16.7 

17.9 

1** 

U.7 

12.5 

15 

5^.2 

58.2 

16 

77.7 

83.5 

17 

36.7 

!*1.6 

18 

36.9 

39.6 

19 

UU.l 

U7.U 

20 

37.8 

1*0.6 

4 


Run  P 


40 


Date  and  tine:  2  Rot  96,  0930  Wind  need  and  direction;  0*1  mph, 

ESE 

Relative  humidity:  96)1  Barometer:  20.9  la.  Temperature :  65°, 

0.3°  lave  re  Ion 

F.P.  Released:  33.1  gms  Cloud  cover:  100£  Visibility:  poor, 

fussy 

Conditions:  Repeat  of  Rim  0.  Due  to  shifting  wind,  generator  was 

■ounted  on  hack  of  3 A -ton  truck.  Truck  was  driven  In 
a  semi-circular  arc  during  generation.  Arc  mas  from  RE 
to  3V  (100°). 

Outside.  Inside 

Oenerjtod:  25  minutes  simple s  run:  35  minutes  60  minutes 


paint  Ram  Count  Coimt  Adjusted 


1 

59.3 

2 

94.3 

3 

211.8 

4 

156.3 

5 

3*7.0 

6 

344.4 

7 

109.8 

8 

1450 

9 

*1?.5 

10 

187.4 

11 

33.1 

12 

29.3 

13 

172.2 

14 

192.0 

15 

139.8 

16 

136.7 

17 

70.1 

1 3 

70.2 

19 

35.5 

20 

29.4 

10*  T1.6  a  10* 

113.9 
255.  B 
188.8 

419.1 
4l£.o 
132.6 

175.7 

262.7 
226.3 

39-9 

35.3 

200.0 

231.9 

160.8 

165.1 
84.6 

84.8 

42.8 
35.5 


Ul 


Bun  Q 

Date  and  tiae:  5  Nov  56,  1000  Wind  speed  and  direction:  5  aph,  RS 


Relative  humidity:  Barometer;  31. 5  In.  Temperature;  69. 5r', 

1.5°  lapse 

F.P.  Released:  51.1  gas  Cloud  cover:  7 %  Visibility:  Fair 

Condition?:  A  repeat  of  Run  0. 

Pressures  f pel) :  Location 


Map  van 
Camera  van 
Water  purification 
Engineer  expansible 


Generated:  30  minutes 


Semples  run: 


Average 

O.CAOO 

0.0130 

0.0009 

-o.ooy* 

Outside  Inside 

40  minutes  60  minutes 


Sample  Point 

Rav  Count 

Count  Adjusted 

1 

103.2  *  10k 

80.7  *  iou 

2 

130.2 

101.9 

3 

161.5 

126.4 

4 

344.3 

269.5 

5 

18.5 

14.4 

6 

23.6 

lfl.4 

7 

231.1* 

181.1 

8 

240.9 

168.6 

9 

35.4 

27.7 

10 

89.7 

70.2 

11 

122.7 

96.0 

12 

113.2 

88.6 

13 

110.3 

86.3 

li* 

63.4 

49.6 

15 

25.9 

20.2 

16 

50.7 

39.6 

17 

90.2 

70.6 

3b 

94.3 

73 .8 

19 

237-5 

185.9 

90 

220.5 

172.6 

Date  and  ti me:  6  Rev  $6,  0900  Wind  speea  and  direction;  0-2  mpb,  3 

Relative  hwidity:  JOJt  Barometer:  30  la.  Teatperature;  54. dP, 

0.2°  Inversion 

F.p.  Released;  41.3  gas  Cloud  cover:  Of,  Visibility:  Excellent 

Conditions  ■  Only  engineer  expansible  and  camera  vans  tested.  Vents 
closed,  ventilation  systems  off.  Vans  not  expanded. 

Only  one  "T1*  taken  in  each  van. 

Outside  Inside 

Generated;  30  alnutes  Samples  run:  40  Minutes  60  minutes 


Sample  Point 

Rav  count 

Count  Adjusted 

1 

174.4  *  10W 

l£8-l  %  1 d* 

2 

118.6 

Ilk.  3 

3 

71-9 

69.3 

4 

7 6.6 

73-8 

5 

90.7 

87-4 

6 

290.8 

280.3 

7 

136.0 

131.1 

8 

lok.7 

100.9 

9 

96.6 

93.X 

10 

174.7 

168.4 

• 

89.7 

86.4 

#* 

7.5 

7.2 

•  Engineer  expansible  van. 


**  Csaera  van. 
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A-tn:  LKLOL 

Office  of  the  Engr  A-2 

AFFE/8A(REAR)  R-l 

APO  3** 3,  Sat  Francisco,  Calif. 

The  Engr,  Hqs,  USAREUR  R-2 

APO  **>3,  Haw  York,  H.  r. 

Attn:  I  AM  Br 

RAO  Div,  Bogr  Sec  R-l 

Hq,  USARCARIB,  Drawer  6 
Ft.  Clayton,  Canal  Zone 

Engr  Sup  Div,  Box  C-7  R-2 

Diablo  Heights,  Canal  Zone 


Tech  Doc  Ctr,  ERDL  A-2 
Ft.  Belvoir,  Va.  R-6 
Attn:  British  Liaison  Officer 


Officer  in  Charge  R-l 
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U.3.  Haval  Civil  E&grt  Rea 
A  Eval  Lab 
Fort  Hueneae,  Calif. 


R  -  Report 


Coawaading  Oeneral 
Frank ford  Arsenal 
Pitaaa-Dunn  Lab  Group 
Philadelphia  37,  Pa. 
Attn,  Lib 

A F  Dev  Field  Repr,  ERDL 
Ft.  Belvoir,  Va. 
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R-l 


Coaasnding  Oeneral 

Signal  Corps  Engrg  Lab 

Ft.  Monaouth,  H.  J. 

Attn:  Tech  Doc  Ctr 

A-8 

R-l 

Office  of  FM> 

Office  nf  the  9 O,  DA 
Washington  25,  D-  C. 

R-l 

Preeidcnt 

Bd  A,  COB  ARC  (713ASU) 

Ft.  Bliss,  Tex. 

A-l 

Ragr.  Hq*  7th  Any 

AFO  h6.  Rev  York,  R.  T. 

R-l 

Coarsoding  General 
Continental  Any  Cai 

Ft.  Monroe,  Va. 

Attn:  Engr  Sec 

R-2 

Cheaicel  corps  RA»  Cad  R-l 

Bio  Warfare  Lab 

Ft.  Detrick,  Md. 

Attn:  Dir  of  Facilities  A  Serf 

Chief,  Er«r  Sup  Control  Of. 
U5AKEGR  s»r  Coot  Ctr 

APO  56,  R»~  York,  R.  Y. 

Attn:  Ch  .ef.  Cat  Br,  QED 

R-2 

Dir  (Ref.  IS) 

v.-w 

U.  S.  Coast  A  Geodetic  F*;-.ey 
Washington  25,  D.  C 

Chief  of  T  _« portal ion  R-l 

WesnJ-  v-jc  25,  D,  C. 

**•-{  TCEYP-TC 

U-  B.  '^wy  Stdxn  Group,  UK  A-l 

BOX  Cj,  UBlf  100,  FPO 
1*^  -r  York,  X.  T. 

Coamader  R-2 

Bqs,  Quarter.  Res  &  Dev  Cad 
Quarter.  Ret  &  Par  Ctr 
JUtich,  Maas. 

Attn:  Tech  LIB 

Engr  Historical  Div,  OCL  A *2 

?.  0.  Box  1?15 
Baltimore  3,  Md. 


Oo— ndlng  Oeneral  R-2 

Amy  Map  Service 
6500  Brooks  Lane 
Washington  25,  D.  C. 

Attn:  Doc  lib 


Chaimsn,  Engr  C<— ittee  A-l 

Tactical  Dept,  TIB  R-l 

Fx.  Benning,  Oa. 

TC  Liaison  Office,  ERDL  R-l 

Ft.  Belvoir,  Va. 

President,  Bd  2,  CONARC  A-l 

Ft.  Knox,  Ky. 

Attn:  Sngr  Sec 

Office,  Chief  of  Crd  A-l 

Dept  of  the  Any  R-l 

Washington  25,  D.  C. 

Attn:  ORDFX-AR 

Tech  Doc  ctr,  ERDL  R-5 

Ft.  Belvoir .  Va. 

Attn:  Canadian  Liaise  1  Officer* 

Co— m?ng  Off «~r  A-l 

Cheatcal  We-  .are  Lab 
Any  <*'-aical  Ctr,  Md. 

Sngr  Rea  A  Dev  Die  R-h 

Office,  Chief  of  Engrs 
Dept  of  the  Any,  Ra  1*»06 
Washington  25,  D.  C. 

Engr  Res  A  Dev  Div  R-2 


Office,  Chief  of  Engr* 

Bldg  T-7 

Washington  25,  D.  C. 

Attn:  Special  Engrg  Br 

The  Engr  School  Library  R-l 

Bldg  270,  Ft  Belvoir,  Va. 

Special  Projects  Br,  HOL  R-A 

Ft.  Belvoir,  Ya. 

Military  Bogng  Dept,  ERDL  R-l 

Ft.  Belvoir,  Va. 

Central  Files,  ERDL  R-l 

Ft.  Belvoir,  Va. 


Tech  Ref  4  Anal  Br,  ERDL  R-l 

Ft.  Belvolr,  V*. 

Tech  Doc  Ctr  R-2 

Publications  Records  Set  (R-l) 
Publications  Ref  Set  (R-l) 

ERDL,  Ft.  Belvolr,  Va. 

Legal  Br,  ERDL  R-l 

Ft.  Belvolr,  Va. 

Reports  Sec,  ERDL  R-l 

Ft.  Belvolr,  Va. 

cz,  ME,  EE,  MU  E,  TE.  and  R-l 

TD  Depts  (Circulate) 

ERDL,  Ft.  Belvolr,  Va. 

ASTI A,  Doc  Service  Center  R-10 

Knott  Bldg 
Dayton,  Ohio 
Attn:  DGS-SD 

Conwfllng  Officer  R-l 

Ordnance  Materials  Res  Office 
Watertown  Arsenal 
Watertown  12,  Mass. 

Coonandlng  General  R-l 

Aberdeen  Proving  Ground 
Aberdeen  Proving  Ground,  Md. 

Karine  Corps  Ln  0  R-l 

Chief,  ssgr  Shore  Party  Sec 
Marine  Corps  Equip  Bd 
Marine  Corps  Dev  Ctr 
Quantico,  Va. 


Director,  Aeroool  Lab  R-l 

Dept  of  Chenl  a  try  4  Chemical  Engrng 
Stanford  University 
Stanford,  California 
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